ABSTRACT Previously, C Baysdorfer and JM Robinson (1985 Plant Physiol 77: 318-320) demonstrated that, in a reconstituted spinach chloroplast system, NADP photoreduction functioning at most maximal rate and reductant demand, was the successful competitor with N02-photoreduction for reduced ferredoxin. This resulted in a repression of NO2-reduction until all NADP available had been almost totally reduced. Further experiments, employing isolated, intact spinach leaf plastids and soybean leaf mesophyll cells, were conducted to examine competition for reductant between CO2 and NO2-photoassimilation, in situ. In isolated, intact plastid preparations, regardless of whether the demand for reductant by CO2 photoassimilation was high (5 millimolar 'CO2') with rates of CO2 fixation in the range 40 to 90 micromoles CO2 fixed per hour per milligram chlorophyll, low (0.5 millimolar 'CO2') with rates in the range 5 to 8 micromoles CO2 per hour per milligram chlorophyll, or zero (no 'CO2'), NO2-photoreduction displayed equal rates in the range of 8 to 22 micromoles per hour per milligram chlorophyll. In the absence of 'C02', but in the presence of saturating white light, 3-phosphoglycerate photoreduction at rates of 82 to 127 micromoles per hour per milligram chlorophyll did not repress, and occasionally stimulated concomitant rates of N02-reduction which ranged from 23.4 to 38.5. Conversely, in plastid preparations, NO2-at levels of 50 to 100 micromolar, stimulated plastid CO2 fixation when 'CO2' was saturating with respect to carboxylation. Further, levels of N02-in the range 250 to 2500 micromolar, stimulated soybean leaf mesophyll cell net CO2 fixation as much as 1.5-fold if 'CO2' was saturating with respect to CO2 fixation. It appeared likely that, in high light in vivo, C02 and N02-photoassimilatory processes are not forced to intercompete for reduced ferredoxin in the intact chloroplast.
the photolysis of H20 and transmitted by subsequent photosynthetic electron transport (2, 4, 32) . Twelve mol of NADPH (24 mol of Fdrd) and 18 mol ofATP are required for the assimilation of 6 mol of CO2 to 1 mol of glucose with the concomitant regeneration of 6 mol of RuBP in the PPRC (4) Reduced thioredoxin, resulting from the ferredoxin-thioredoxin reductase catalyzed transfer ofelectrons from Fdrd to oxidized thioredoxin, is employed for the reductive activation of PPRC enzymes such as FBP (C-1) phosphatase (4) . However, the total magnitude of the stoichiometry for the Fdrd requirement for the sum of the plastid enzyme activations remains unknown (4) .
Chloroplast reductive assimilation of 1 mol of NO2-, results first in formation of NH4' (catalyzed by NiR), followed by the amidation of Glu to form Gln (catalyzed by GS), and finally followed by the transamination of the amide NH4+ of Gln to a-KG (catalyzed by GOGAT) to beget 2 mol of Glu (a net gain of I mol Glu) (2, 32) . Since both NiR and GOGAT require Fdrd as reductant (2, 13) , the assimilation of 1 mol of NO2-to gain an additional mol of Glu requires 8 mol of Fdrd and 1 mol of ATP (2) . In C-3 plants, the GS and GOGAT system also appears to assimilate the NH4' released by glycine decarboxylase during photorespiratory metabolism (32) . Since rates of photorespiration are reputed to attain values as high as 50 IAmol CO2 and NH4' released/h.mg Chl, then the magnitude of the total requirement for Fdrd for total NO2-plus NH4' assimilation in the plastid also may be much higher than has been predicted (4, 32) .
In leaves the magnitude of total CO2 assimilation is 5 to 20 times higher than the magnitude of light dependent NO2-reduction reflecting that there are greater total amounts of enzyme molecules associated with the assimilation of carbon compared with those enzymes which catalyzed the assimilation NO2- (2) . Based on demands for reductant, plastid electron transport activity supports more carbon than nitrogen assimilation. For example the enzyme, FNR, the tightly bound terminal enzyme in the photosynthetic electron transport chain (which is directly adjacent to the Fdox reducing site), delivers NADPH at rates of 300 to 400 ,mol/h -mg Chl (minimal rates of600-800 for Fdrd-Fdox recycling). These rates are more than sufficient to support total carbon assimilation (e.g. GAPase) (27) (20) or intact Scenedesmus cells (11) , both indicated that the light-dependent assimilation of NO2-was repressed during concomitant net CO2 photoassimilation. Also, in order to derive maximal NO2-photoreduction in isolated, intact, pea leaf chloroplasts, Anderson and Done (1) found it necessary to employ the inhibitor DLglyceraldehyde in order to eliminate PPRC activity.
Baysdorfer and Robinson (3, 28) employed a reconstituted spinach leaf chloroplast system (purified stromal fraction, plastid lamellae, and saturating Fd, NADP, and NO2-), and found that the photoreduction of NADP at very high rates, completely repressed concurrent NO2-reduction until almost 90% of the supplied NADP had been reduced. At that point, N02 reduction commenced at maximal rates. Since Fd had been supplied in amounts saturating both to FNR and NiR, the results suggested that there was a preferential allocation of Fdrd to FNR bound to the lamellae until nearly all the NADP had been converted to NADPH, whereupon Fdrd was released to support NiR catalysis in the stromal fraction (3, 28) .
However, in contradiction to the foregoing examples (3, 11, 20) , there are studies which suggest that plastid carbon and nitrogen photoassimilatory processes do not intercompete for reductant, in vivo. An important observation is that the concentration of Fd has been measured and found to be as high as 2 mM (25) . At least in high light, there should be levels of Fdrd sufficient to be saturating with respect to all of the Fdrd requiring processes in the chloroplast (2, 4, 25) . Further, Grant and Canvin (7) observed that in preparations of intact spinach leaf plastids, NO2-photoreduction rate was the same regardless of whether or not there was simultaneous CO2 assimilation. Also, reports from several laboratories indicated that the net photoassimilation of C02, in isolated leaf mesophyll cells, was actually accelerated during the concomitant assimilation of NO3- (28) and NH4' (19, 28, 33) . Concurrently, inorganic nitrogen assimilation was in no way repressed, and often was stimulated (19, 28, 33) . Furthermore, Plaut et al. (21) , employing a reconstituted spinach plastid system (stromal and lamellae fractions), found that intermediates generated during CO2 assimilation, e.g. DHAP and fructose-6-P, enhanced the rate of light dependent NO2-photoreduction, ostensibly through an activation of NiR.
A reality of whole plant growth is that plant leaf tissues from grain crops (e.g. soybean), often may derive as much as 40 to 100% of the newly acquired reduced nitrogen (amino acids) during light dependent (Fdrd and ATP dependent) assimilation (23, 24) . These observations (23, 24) imply that competition between chloroplast carbon and nitrogen photoassimilation, were it to occur, would limit the magnitude of the gain in a-amino nitrogen. This could be counterproductive to plant growth and grain development, and the fact remains that increased levels of NO3-and NH.4, fed to intact plants in the range 9 to 36 mM, usually simultaneously will enhance both net CO2 fixation and the assimilation of NO3-and NH4- (28) .
The main purpose of the studies described in this report has been to positively define whether or not there is competition between CO2 photoassimilation and NO2-photoreduction for plastid reductant (Fdrd). The approach has been one of examination, both in preparations of isolated intact spinach leaf plastids and soybean leaf mesophyll cells, of the process of N02 photoreduction during points in time in which the demands for reductant by CO2 or 3-PGA photoassimilation are either absent, minimal (e.g. rate-limiting C02), or maximal (e.g. saturating CO2). I have observed, both in preparations of isolated intact spinach leaf plastids and isolated intact soybean leaf mesophyll cells, maintained in high (saturating) light, at 25°C, and with varying reductant demand by CO2 assimilation from none to very maximal, that there was not visible mutual competition for reductant between CO2 and NO2-reductive assimilation. In fact, isolated spinach plastid preparations fixing CO2 in high light, occasionally displayed a stimulation of light dependent N02 reduction, ostensibly caused by the presence of CO2 photoassimilation. Additionally, in isolated spinach plastids and in soybean leaf mesophyll cells, NO2-reduction often appeared to significantly stimulate both total and net CO2 photoassimilation. Foliar net phostosynthesis, as well as photo and dark respiration were estimated, using the previously described methods (27) , so that total photosynthesis could be calculated (27) .
Leaves were sampled in the dark or light in the growth chamber, excised leaf blades were immediately inserted into liquid N2 (in beakers) into pools of 5 leaves (15 leaflets) or 5 spinach leaves per sample. The leaf samples were homogenized and lyophilized according to previously described methods (27) .
Tissue NO2-was extracted and quantitated from pools (50 mg per sample) of homogenized soybean or spinach leaf samples employing the methods described by Scholl et al. (29) . To recover at least 70 to 73% of 70 nmol of standard NaNO2 included with the 50 mg of lyophilized tissue, it was necessary to employ the heat step, as well as the addition of phenazine methosulfate and zinc acetate just subsequent to the heat step described by Scholl et al. (29) . Prior to, and subsequent to lyophilization, leaf blades were weighed so that fresh and dry weight could be determined.
This facilitated the computation of the volume of H20 in the tissue, and the expression of leaf NO2-as a gM concentration.
Spinach Leaf Chloroplast Isolation. Intact spinach leaf chloroplasts were prepared, plastid Chl was isolated and quantitated, and plastid intactness was estimated employing previously described methods (25, 26) . In this report, Chl amounts reported in reaction mixtures (Fig. legends) will be that associated with only the intact plastids.
Soybean Leaf Mesophyll Cell Isolation. Mesophyll cells were isolated from trifoliolates, numbered acropetally, 3, 4, 5, and 6, from 25 to 30 d old soybean plants (cv Amsoy) grown in the pots irrigated with the optimal N nutrient media described above (10 mm N). Isolated intact mesophyll leaf cells were prepared mechanically employing methods described by Oliver et al. (18) . Cells were isolated in the absence of inorganic N in the isolation and resuspension media which were otherwise identical with that employed by Oliver et al. (18) . However, to increase the rapidity of cell isolation, rather than allowing the cells to settle out of the suspending and washing solutions (18) , centrifugation (50 gl1.5 min) was employed, both for removal of cells from the initial homogenization medium and from the cell washing medium. This facilitated an isolation of cells requiring only 20 to 30 min just prior to measurement of cell CO2 and NO2-photoreduction. Estimated by the Evans Blue cell exclusion technique (18) , cell intactness ranged from 60 to 70%.
Chl was extracted from 0.1 ml of final cell resuspension added to 9.9 ml of 100% methanol, centrifuged at lOOOg/3 min, and the resulting supernatant was spectrophotometrically analyzed at 650 and 665 nm. The relationships developed by MacKinney (14) were employed to compute Chl.
Simultaneous CO2 Photofixation and NO2 Samples (0.5 ml) were withdrawn from the mixtures initially, and at 10 min intervals, and combined with 0.5 ml I M zinc acetate; reaction termination was instantaneous. Subsequently, consecutive time-course terminated samples were agitated to remix plastids and cells, 25 or 50 Ml samples were combined with 5 MlA of 12 N HCI in 12 ml scintillation vials, unincorporated mixtures, and the presence of plastids in the strong base did not influence the 540 nm absorbance maximum of the sulfanilimidenaphthalenediamine color complex.
RESULTS
Nitrite Levels in Vivo and Foliar CO2 Photoassimilation.
Spinach and Soybean Leaves. Because NO2-, at levels as low as 0.2 mm, often mediates inhibition of photosynthetic carbon metabolism in plastid isolates (6, 7, 15, 22) , it was necessary to measure in leaves, those levels of NO2-which are physiologically normal. It was then possible to study the simultaneous photoreduction of NO2-and assimilation of CO2 in plastid isolates employing NO2-concentrations which were physiologically realistic.
Soybean and spinach plants were fertilized with nutrient solutions containing either NO3-plus NH4+ fed in concentrations either optimal (8.3 mm NO3) or superoptimal (30 mm NO3-) with respect to growth. This was done in order to observe whether or not plants would accumulate higher NO2-levels and, should that be the case, whether or not foliar CO2 photoassimilatory rates would be unaffected, inhibited, or enhanced. Thirty-six mm total N fed proved to be just on the threshold of that amount which inhibited both soybean and spinach plant growth (data not shown).
In soybean (Fig. IA) , the average foliar level (complete trifoliates) of NO2-in the dark was approximately 185 AM, regardless of the concentration of the N fed to the whole plants, and during the illumination period, the level (presumed steady state) diminished to 125 to 135 AM, reflecting the photoreduction of NO2-. There was a slight increase, but never any decrease in TPS rate in the 36 compared with the 10 mM N fed plants.
The mature leaves of spinach plants fed the higher N level, displayed both in the light and in the dark, an approximately 2-fold higher NO2-concentration when compared with the foliage of the optimal N fed plants (Fig. 1 B) . For example, in 10 and 36 mM N fed plants, the foliar level of NO2-prior to illumination was, respectively, approximately 40 and 80 AM; during illumination levels diminished, respectively, to 35 and 65 AM. Reflections of light dependent NO2-reduction was most pronounced in the higher N level fed plants. However, regardless of the increase in NO2-, brought on by the increased N nutrition, TPS was the same in both treatments (Fig. I B) , and, as in the case of soybean, TPS was never inhibited in the highest N fed plants. Lack In all cases the dark rate of N02-reduction was quite minimal or nonexistent when compared with subsequent light dependent rate (Figs. 3-5) . Certainly, in some cases it was clear that there was a rather low, but measurable linear dark N02-reduction rate, ostensibly due to the starch degradative dependent, dark reduction of Fdox in the chloroplast (Figs. 3, 4 the rates of both processes. The experiment displayed in Figure  2 shows the results of simultaneously monitoring both CO2 photofixation and NO2-reduction rate in isolated intact spinach leaf chloroplasts with conditions set where either (a) one or the other processes were absent, or (b) both processes were functioning at low rates, or (c) where one process was functioning at a low rate while the other process was functioning at a maximal rate, or (d) where both processes were functioning at maximal rates.
In the results in Figure 2A , the rates of CO2 fixation were monitored at 'CO2' levels both rate-limiting (0.5 mM) and saturating (5.0 mM). Additionally, at each 'CO2' level, CO2 fixation rate was measured as a function of NO2-reduction at levels of NaNO2 either absent, rate-limiting (50 MM), or saturating (100-200 uM) with respect to light dependent NO2-disappearance (plastid NiR). Conversely, in Figure 2B , NO2-reduction rates were expressed as a function of either the absence, minimal, or maximal CO2 photofixation ('CO2' level), and rates of N02-reduction were measured with NO2-levels either rate-limiting or saturating with respect to plastid NiR.
The results (Fig. 2, A and B) made it clear that regardless of whether or not CO2 photofixation was absent, functioning at a minimal rate (rate-limiting 'CO2') or functioning at a maximal rate (saturating 'GO2'), concurrent NO2-photoreduction was not repressed, and in some cases it was actually slightly enhanced ( Fig. 2B; Fig. 3 , Experiment Two). For example, when maximal rates of CO2 fixation were 65 to 70 gmol/h mg Chl (saturating 'GO2'), then when initial NO2-concentrations were saturating with respect to plastid NO2-reduction, the rates of NO2-reduction concurrent with CO2-assimilation were, when compared to NO2-reduction in the absence of CO2 photoassimilation, either unaffected or slightly enhanced (Fig. 2, A and B) . Additionally, when NO2-reduction rate was limited by the amount of N02 present, then when CO2 fixation rate increased, by increasing 'CO2' level, NO2-reduction rate was also slightly increased (Fig.  2B) .
In a separate set of experiments displayed in Figure 3 (Fig. 5) . Although when supplied at 0.5 mm, NO2-mediated some mild inhibition of 3-PGA reduction (20-35%), plastid preparations were fed NaNO2-at that level to ensure complete saturation of plastid NiR with NO2- (Fig. 5 and data not shown). Chloroplast NO2-photoreduction was monitored in the absence or presence of 3-PGA photoreduction, and it was clear that NO2-photoreduction either was unaffected or that the rate was slightly enhanced in the presence of ongoing 3-PGA photoreduction (Fig. 5 and data not shown) .
Since it has been established that Glu and a-KG are rapidly transported across the chloroplast envelope into the plastid stromal compartment (8) , and that these intermediates are subsequently metabolized in the assimilation of NH4+ in the stromal compartment via GS and GOGAT (2, 32) , these intermediates were supplied along with NO2 to the plastids. However, neither Glu, nor Glu plus a-KG, enhanced nor inhibited NO2 reduction rates beyond those rates observed in the absence of those intermediates (data not shown). This same result occurred independent of the presence or absence of 3-PGA reduction (data not shown). For example, in one experiment the rate of plastid NO2 photoreduction with only NO2-present (0.5 mM) was 24.6 ,umol/ h-mg Chl. In the presence of Glu plus a-KG (each at 0.5 mM) the rate was 23.4. With 1 mM 3-PGA, NO2-, and Glu plus a-KG, the rate was 26.3; the concurrent rate of 3-PGA reduction was 102.1.
The Influence of N02-upon CO2 Assimilation. Soybean Leaf Mesophyll Cell Isolates. Nitrite stimulated soybean leaf cell net CO2 fixation 1.3-to 1.5-fold when present in a concentration range from 0.25 to 2.5 mm (Fig. 4A and data not shown) . The stimulation of CO2 fixation was most predominant when the 'CO2' level was saturating with respect to CO2 assimilation ( Fig.  4A ; compare the stimulations of net CO2 fixation by NO2-at high compared with low 'CO2').
Spinach LeafPlastid Isolates. In contrast to the influence of NO2-upon soybean mesophyll cell CO2 assimilation, NO2-at levels as low as 200 Mm may cause an inhibition of intact plastid isolate CO2 photoassimilation (Figs. 2A, 3 ). I found, as others have (6, 7, 15, 22) , that levels of 500 to 1000 Mm N02 mediated 50 to 70% inhibition of intact plastid isolated CO2 photofixation, even when reaction mixture pH was maintained at 8.1 (data not shown). Since (Figs. 1A, 2) . However, in some instances even 200 Mm NO2-was slightly inhibitory to plastid CO2 fixation (Fig. 3) , and the NO2-mediated inhibition of CO2 fixation often was most severe when 'CO2' level was ratedetermining to carbon assimilation. For example, the results in Figure 2A show that in the period 5.7 to 15.7 min, 200 Mm N02 mediated 4% inhibition of CO2 photofixation at high 'C02' compared with 40% inhibition at low 'C02'. At lower, more physiological levels of NO2-, e.g. 50 to 100 Mm NO2-was slightly stimulatory with respect to CO2 assimilation and, similar to the situation with soybean leaf cells, this stimulation was most pronounced when the 'C02' level was saturating (e.g. 5.0 mM). For example, plastid isolates, incubated with high 'C02' and 50 gM NO2 , displayed 1.2-fold stimulation of CO2 photoassimilation rate in the first 5 to 6 min of the light period. Although lower in magnitude, this stimulation still was apparent in the subsequent 5.7 to 15.7 min period of illumination ( Fig.  2A) . DISCUSSION Figures  2 to 5 clearly indicated that in high light, and regardless of whether CO2 or NO2-was rate-determining or saturating, respectively, to plastid carboxylation and NO2-reduction, there was no apparent competition for Fdrd at sites where it was required. In contrast, Baysdorfer and Robinson (3, 28) , employing a reconstituted spinach leaf chloroplast system (recombined stromal and lamellae fractions) illuminated with saturating white light, found that the terminal enzyme of photosynthetic electron transport (FNR) demanded Fdrd until almost 90% of the available NADP had reduced. At that point, Fdrd became available to the NiR in the stromal fraction, and NO2-reduction was observed to proceed at maximal velocities.
Absence of Competition for Reductant. The results in
It could be surmised that in the reconstituted chloroplast systems the affinity of FNR for Fdrd was much greater than that of NiR for this reductant. Indeed, the Km of Fd (presumably Fdrd) for highly purified FNR has been estimated to be as low as 0.33 Mm (30) , while the Km of NiR for that protein reductant was estimated to be 10 to as high as 70 gM (13) . However, C Baysdorfer and JM Robinson (unpublished data) observed that the Km of Fd for both FNR and NiR in the lamellae-stromal system was approximately 1 to 5 ,uM. Therefore, since we (3, 28) employed the Fd in our reconstituted plastid systems in saturating amounts with respect to both FNR, bound to the lamellae, and NiR, soluble in the stromal fraction, it seemed very unlikely that the results derived from the reconstituted system could be explained on the basis of there being a higher affinity of FNR than NiR for Fdrd. Why did the reconstituted plastid systems reflect a competition in high light between FNR and NiR for Fdrd when the intact systems did not?
Obviously, since in the preparations of intact plastids and isolated mesophyll cells, CO2 and NO2-assimilation processes in no way appeared to be mutually exclusive (Figs. 2-5 ), it must be concluded that in both spinach and soybean leafplastids there was sufficient Fdrd available in vivo (25) . Furthermore, if the experiments with the reconstituted plastid systems (3, 28) are compared with the data presented in this report (Figs. 2-5 ), then I must conclude that there is a mechanism for allocation of Fdrd to NiR which was functional in intact plastids cells, but which was nonfunctional in the reconstituted plastid systems (3, 25) . Presently, I must conclude that this mechanism could involve: (a) the binding of molecules of NiR to the Fdox reducing sites, or (b) there may be electron transport systems which are specialized in delivering Fdrd to NiR, and in the reconstituted chloroplast system (3, 28) , these electron transport chains were inactivated. In that reconstructed system (3, 28) , NiR could only draw on Fdrd that was being alloted to FNR. When NADP was no longer available, Fdrd was released from the lamellae to NiR in the stromal fraction, and NO2-reduction could proceed. Currently these hypotheses are under investigation.
Artifacts Caused by NO2 Toxicity. It is unfortunate that N02 may mediate inhibition of CO2 fixation in intact plastid isolates, because this situation could lead to an erroneous conclusion. Since inhibition of chloroplast CO2 assimilation was usually proportional to the level of NO2-( Fig. 2; Ref. 15) , it could be concluded that NiR was the more successful competitor for Fdrd in the intact plastid. Certainly this could not be the case. It must be noted that plastid NO2-reduction was saturated with respect to NiR activity at NO2-levels of approximately 100 uM (Fig.  2B) , and this level of the anion actually slightly stimulated plastid CO2 assimilation (Fig. 2A) . Also, a 200 AM, NO2-is usually more than saturating with respect to plastid NiR; that level of the anion is just on the threshold of slight inhibition with respect to CO2 fixation (Figs. 2A, 3) . Additionally, in the results displayed in Figure 3 , 200 Mm NO2-was visibly repressive to CO2 fixation only in the initial 10 min of illumination; during the subsequent 20 min, sensitivity to the anion was only barely visible. I concluded that NO2-assimilation was not repressing carbon assimilation due to successful competition for Fdrd.
Several mechanisms of inhibition appear to be associated with NO2-toxicity at sites associated with plastid carbon assimilation. (a) Everson (6) (5) with the result that the active site on an enzyme such as GAPase, which is an -SH group, was blocked (17) .
Because I often observed that increased 'CO2' level almost completely removed NO2-mediated inhibition of CO2 fixation ( Fig. 2A) , and because there often was observed a slight inhibition of PGA reduction (Fig. 5) , I have to conclude that inhibition by NO2-was mixed, i.e. at several sites. Certainly carbonic anhydrase, PGA kinase, and GAPase appeared to be possible sites of inhibition in the isolated intact chloroplasts, and it is feasible that all ofthe above cited mechanisms of inhibition are involved. Of cource, to avoid the strongest inhibitions by NO2-, and at the same time to examine its assimilation, it was necessary to maintain the anion's concentration below 200 Mm (Fig. 2A) . In reality, NO2-is not toxic with respect to carbon metabolism in leaf tissues, probably because levels of that anion are present below 200 gM (Fig. 1) and, also, because that anion appears to be sequestered in a microbody with nitrate reductase (31) . Within this microbody, NO2-may be transported across the plastid envelope and into the chloroplast stromal at some controlled rate (31) and, additionally, it may be transported to, and stored in, the cell vacuole. Klepper et al. (9) found that NO2-could be vacuum infiltrated into leaf tissues to the extent that the anion attained concentrations as high as 1 mm, apparently without of soybean leaf mesophyll cells were incubated with NaNO2 at concentrations in the range of 250 ,M to 2.5 mM, they displayed enhanced, and not repressed, rates of net CO2 fixation (Fig. 4A , data not shown); 5 mM NO2-caused no inhibition of photosynthesis in isolates of spinach leaf cells (34) . Indeed, it also must be concluded that the leaf mesophyll cell is able to control N02 concentrations so that toxicity by the anion is prevented.
Stimulation of Carbon Assimilation by Inorganic N Assimilation. When NO2-was present in the spinach plastid preparations at 50 to 100 M, C02 fixation rate was stimulated significantly, if 'CO2' concentration was saturating with respect to carboxylation ( Fig. 2A) . Similarly, if 'CO2' level was high, soybean leaf mesophyll cell net CO2 assimilation was stimulated by NO2-at levels in the range of 250 to 2500 Mm (Fig. 4A) . The results of our previous study (28) also indicated that soybean mesophyll cell isolates displayed maximal stimulation of net CO2 fixation rate by both NH4' and NO3-when 'CO2' level was high. Woo and Canvin (34) found no stimulation of net CO2 fixation by NO3 in isolates of spinach mesophyll cells. However, this same consortium (33) using spinach cells, as well as Paul et al. (19) employing poppy leaf cells, also found that NH4+ mediated significant stimulations of net CO2 fixation when 'CO2' concentrations were saturating. Because in all leaf cell preparations that have been tested (19, 28, 33) , NH4' always mediated a stimulation of CO2 fixation, I must conclude that there was a metabolic interaction of plastid NH4' assimilation with plastid carbon assimilation that resulted in the stimulation of CO2 fixation rate. Also, I conclude that since NO3-and NO2- (Figs. 2A, 4A ) are converted to NH4', then the mechanism of stimulation of CO2 fixation mediated by those anions must be synonymous to that mechanism of stimulation related to NH4' or its assimilation.
What remains an enigma is that there was little or no stimulation ofCO2 assimilation by inorganic nitrogen assimilation unless the plastid system sensed that a maximal or near maximal plastid carboxylation activity was present (high 'CO2') ( Figs. 2A, 4A ).
The exact mechanism and control of this stimulation is under investigation.
However, the identity of the carbon assimilatory enzymes that are stimulated by the onset of inorganic nitrogen assimilation is becoming more certain. For example, the increase in photosynthetic rate in C-3 plant leaves, attributable to increased NO3-and NH4', has been found to be correlated with an increase in the total specific activities of important rate-determining PPCR enzyme activities, e.g. RuBP carboxylase and FBP (C-1) phosphatase. Importantly, both the total and specific activities of anaplerotic pathway enzymes including pyruvate kinase and phosphoenolpyruvate carboxylase are increased in response to increasing NO3-and NH4' (19, 28) .
The resultant impact of inorganic nitrogen assimilation upon carbon metabolism in photosynthetic tissues is extremely important to the understanding of photosynthate partitioning controls. The work of Paul et al. (19) as well as studies done in this laboratory (28) , have made it clear that in higher plant leaves, the onset of inorganic nitrogen assimilation, concomitant with photosynthic carbon assimilation, elicits a shift in the direction of the flow of carbon skeletons away from the synthesis of starch (28) , and toward the syntheses of products in the anaplerotic pathway (e.g. pyruvate) (19, 28) . The rather important final result is that there are significant increases in the magnitudes of the rates of syntheses of organic acids such as malate and citrate as well as those of amino acids such as Ala, Asp, and Gln (19) . These increases in amino and organic acid syntheses were attributable, at least in part, to increases in the rate of net and total CO2 assimilation (19, 28) .
Influence of CO2 Assimilation upon NO2 Reduction. Intermediates of nitrogen 'throughput', such as Glu and a-KG, did detrimental effect upon carbon assimilation. Also, when isolates
